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nLble4Codelengthofintcr-丘aInediflbrcncesinexamplepic‐
tures．（pPisthcmeanofactiveprobabiliwintheinter-framc
diffErences・Thcnumberinparenthesesisaratioｏｆｔｈｅｌ:４tree
codelengthtotherasterscan.） 群
P旧viousRam
ll／
野-辞令聯‐
し
FigBSimplealgorithmsofmotioncompensationtoselectthe
directionwhichgivesthcminimumdiffcrencebetwecnthepre‐
viousframeshiftedtoonedirectionandcurrentframefbreaCh
subarea．
scanoftheotherareasareintentionallystoppedonthe
wayatthesecondlowestleveL（Notethatthepictures
inFig7areillustratedasgrayscaleimagesfbrreaders,
convenience・Theseimagesareprocesscdafterdigitizing
tobinaryimagesinthisstudy）
Thisfilnctionisimplementedbyaddingineachau‐
tomatonanANDgatejudgingwhethertocontinuethe
scanoflowernodesortofinish,controUedbyasignal
givenfromtheoutside．(b）
Fig7Theoriginalsampleimage(a)whichgivesthecodeof
59,O61bitsandtheimagcwithmakingattentiononlytoitssub‐
area(b)whichgivesthecodeof8J77bits．
4.3MotionCompensation
Themotioncompcnsationisoneofthemostimpor-
tantandcomplexfUnctionsinpracticalmovingpicture
compressionsuchasMPEG2[8］Thccomputational
complexityofmotioncompensationisoneofthekey
factorswhichprevelltsthesingle-chip,real-timeMPEG2
encoding・
Intheoriginall:４treestructure,eachnodereturns
avalueoflogical-ORofthevaluesoflowernodes・We
modifythevaluesothatitreprcs弧stheanalogsum
ofthelowernodes，value、Thusthenodevaluestands
fbrthepartialsumofthephotodetectors,values・Using
thediflercnceofthecurrentframeandashiftedprevious
fiameasthepixclvalues,insteadofphotodetectors，out‐
puts,ａｓｓｈｏｗｎｉｎＦｉｇ８,thenodevalucgivestheshifted
inter-ftamedifYbrenceinsubareabelongingtothenodes、
Themotioncompensationisrealizedbyfindingtheop‐
timumshiftdirectionwhichgivestheminimumnode
valueinmagnitude,amongshifteddirectionso2fbrex‐
ample,N,NEE,SE,S,ＳＷ,WandNWHereN,S,E
andWarethenorth,thesouth,ｔｈｅｅａｓｔａｎｄｔｈｅｗｅｓｔ，
respectivelyAssumingveryhighftamerate,themotion
distanceofobjectisexpecttobclessthanonepixel[９１
andinthiscasethemotionshouldbecompcnsatcdonly
withinoneneighbourpixels・
ThismethodgivesfastercalculatiOncomparedwith
theconventionalmethod，andtheadaptiveresolution
scanscanbeapplicdineachshiltdirectiolLThereso‐
4.2AdaptiveSpatialResolutionScan
Ｈｕｍａｎeyesighthasthefimctionfbcusingtoanarea
thatwepayattentionto,andmoreinfbrmationistaken
outfromtheareacomparedwiththeotherarea、In
implementingthisfilnctioninthesensor,ｗｅｎｅｅｄｔｏｉｎ‐
troduceadaptivemechanismnotonlｙｉｎｔｈｅｓｉｇｎａｌｉｎ‐
tcnsityresolution[７１butalsointhespatialresolution、
Fbrexample,incaseofseeingthepictureinFig7(a)，
weusuallyfbcustotheareaofPing-Pongballandthe
effectiveinfbrmationinhumaneyesightmaybeillus‐
tratedasshowninFig7(b)．
Ｔｈｅｓｃａｎｉｎｌ:４treestructureproceedsftomthe
topleveltothebottomphotodetectorｓｉｎｏｒｄｅｒ，and
thelowerlevelgivesthehigherresolution，whilethc
higherlevelgivesthesummerizedinfbrmationofthc
lowerleveLWecandynamicallyselecttwoscanmeth‐
ods;eitherthenormalscanfbrthefbcuse。area,ora
scanintensionallystoppedonthewayfbrtheotherarea・
Thuswecanobtainanimagewithadaptivcresolution，
whereresolutionishighonlyinthefbcusedarea
Fbrexample,thefbcusedimageinFig7(b)gives
just8,l77bits,whichisaboutl/８againstthenormal
scaninFig7(a).I、Fig.７(b),onlytheareaofthePing-
PongballandtheracketisnorInallyscanned，while
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lutioniscorrespondingtothesizeofmotioncompensa‐
tionarea・Thisfilnctionisimplementedbymodifying
thenodeautomatasoastogivethevalueofthesumof
thclowernodes,values,andbyaddingtheshiftfimction
ofthephotodetectors，outputstoitsneighbors,along
withtheintcr-framediffbrencemethodasdescribedin
Sect,4.1．
Theimplementationofthesumfimctionincach
noderesultsinahighamountofhardwareofusinga
digitaladder・Ｉｔｗｉｌｌｂｅｓｕｉｔａｂｌｅｔｏｕｓｅａｎａｌｏｇａｄｄer
heresoastokecpthcincreaseofhardwareinreason-
ableamount．
hardware,，，Proc.ＳPIE,voL1473,ｐｐ､2-16,1991．
[3］Ｐ・Sciz，DLeipold，Ｊ・Kramcr，ａｎｄＪＭ、Raynor，
“Smartandopticalimagesensorsfabricatedwithindus-
trialCMOS/CCDsemiconductorprocess,,，Proc・SPIE
voL1900,ｐｐ､30-39,1993．
[4］HSamet,"Regionrepresentation:Quadtrecsfrombinary
arrays,，，ComputerGraphicsandnnageProccssing,voL13，
ｐｐ､88-93,1980．
[5］AGruss,etal.,"AVLSIsmartscnsorfbrfastrangeimag-
ing,，，Proc・IEEEInt・ConfonIntelligentRobotsandSys‐
ｔｅｍｓ，1992．
[6]ＮＨＥＷｅｓｔｅａｎｄＫ・Eshraghian,``PriciplesofCMOS
VLSIdesign：Asystemsperspective,，，Addison-WesleX
l988．
[7］Ｂ・Fbwler,etaL,"ACMOSareamagesensorwithpixel‐
１evelA/Dconversion,，，ISSCC'94,ｐｐ､226-227,1994．
[8］ISO/IEC13818-1,13818-2,13838-31nternationalStan‐
dard，1994．
[9］IIshii,etal.,“Targettrackingalgorithmfbrlmsvisual
feedbacksystcmusingmassivelyparaUelprocessing,，,Proc・
ＩＥＥＥＩｍ,ConfRoboticsandAutomation,ｐｐ､2309-2314,
1996．
[10］Ｐ.Ｗ・Mounts，“Avideoencodingsystemwithcondi‐
tionalpicture-clementreplenishment,,，ＢＳＷ，ｐｐ,2545-
2554,1969.
5．SummaryandConclusionS
Wehaveproposedanovelsignalscanmethodinimage
sensorsusingatreestructureofautomata・Thecode
lengthisexpectedtobemuchsmallerthanthecon-
ventionalrasterscanespeciallywhenapplyingtothe
difIerenceofsuccessiveframesinmovingpictures、
Wehavedesignedacircuitofthetreｅａｕｔomata，
wheretheclocksignalisgatedtothelowernodeselec‐
ｔｉｖｃｌｙｓｏａｓｔｏｍｉｎｉｍｉｚｅｔｈｅｐｏｗｅｒｃｏnsumptionWe
havealsodesignedatwodimensionallayoutofthe
l:４treestructurefbrafUll-customchip,inwhichboth
thenodeautomataand32x32photodetectorsarein‐
tcgratedin7.2ｍｍｘ７２ｍｍｃｈｉｐｕｓｉｎｇ1.5似mCMOS
technolo邸andthechipisnowunderfnbricationt
lfusingaO・皿mtechnologyinfilture,itisestimated
480x480photodetectorsareiⅢegratedonasinglechip
Wehaveproposedapplicationsofl:４treestructurc，
suchasamovingpicturecompressio､,anadaptivereso‐
lutionscanlikehumaneyesight,andamotioncompen‐
sationfbrmovingpictUre,whichareimplementedwith
asmaUextensionineaChnodeautomataandphotode‐
tectors・
ThoughwetreataUtheimagesasbinaryinthis
studyうitwillbepossibletoextendthemethodtogray
scalcimagesbyintroducingtheconceptofthecondi‐
tionalrcplenishmentmethod[10],whcrcanagsignal
associatedwithaphotodetectorisenabledwhenits
nnageintensityhaschangedbyapredefinedamountof
magnitude､Pbrextcndingtreescanmethodtograyscale
images,wecanrcplacethebinaryimagedatasimplyby
theHagdata,whilethegrayscaleimagedataisreadout
byanadditionalanalogsignalpath．
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